Containers have been used in past decades increasingly as one of the most important transportation tools. Containers have revolutionized cargo shipping and thus changed the world trade systematically. Container terminals as the transhipment facility playa valuable role in performance of this transportation system. Improvement of this facility has been widely considered in literatures. Automated container terminals (ACTs) have been introduced to pursue this purpose. In ACTs various transport vehicles are automated and integrated to each other. Automated guided vehicles (AGVs) are used in ACTs to handle containers between quay cranes and storage yards. Usually scheduling of the AGVs is known as the key factor to improve the performance of ACTs. This paper proposed a heuristic algorithm to schedule the AGVs concurrently with quay cranes. A genetic algorithm is proposed to optimize the simultaneous scheduling of AGVsand QCs. The results showed that proposed genetic algorithm can be used in practical implications while its running time is reasonably low.
INTRODUCTION
The ever increasing demand for container transportation leads the countries to develop new container terminals According to Steenken et al. [1] the container as an essential part of a unit load concept has achieved certain significance in global sea cargo transportation. Today over 60% of the world's deep-sea general cargo is transported in containers, whereas some routes are containerized up to 100% [1] . A shipping container is a box designed to enable goods to be delivered from door to door without the contents being physically handled [2] . Recently, rising competition among ports, especiall y those in Europe and Asia, has put pressure on the ports to improve their customer service [3] . Moreover especially geographically closed ports need to be more competitive ones. Liu and Ioannou [4] stated that every major port is expected to double or triple its cargo by 2020. The seaports mainly compete for ocean carrier support and short sea operators as well as for the land-based truck and railroad services.
Since containers are large and heavy, specialized material handling vehicles are required for transporting them within the terminal. Some example equipment is cranes, front loaders, and straddle carriers. All of these are able to carry only one container at a time, and there are limitations to how far they can carry a container [5] . The goal of the sea port is to move the containers as quickly as possible and at the least possible cost. As vessels spend a major part of their time in ports, it is crucial to have the ship unloaded and loaded as quickly as possible [6] . It is therefore essential that a terminal be able to efficiently and rapidly receive, store, and dispatch containers [5] .
978-1-4244-4136-5/09/$25.00 ©2009 IEEE In most of the sea ports, a large portion of the terminal turnaround time is spent on unloading and loading containers of a ship [3] . Hence an efficient port must ensure that ships are unloaded and loaded quickly [7] . Nowadays much larger ships are used in global trading which forced the sea ports to apply new techniques and technologies to coordinate all the equipments, which leads to a more efficient sea port. According to Vasili et al. [8] automated container terminals (ACTs) which is introduced as a new technique in sea port researches, are fully automated terminals, which integrate automated storage yard, automated guided vehicles (AGVs), quay cranes, berths, and buffers. ACTs has been introduced as a general solution for the increasing demand in container terminals.
Vessel operations primarily consist of (a) the unloading operations, during which containers are unloaded from a vessel and stacked in a marshalling yard, and (b) the loading operations, during which containers are handled to the ship [1] . The transport between quay and stack sides can be performed either by trucks with trailers, multi-trailers, AGVs or straddle carriers. A basic factor is the dimension of the space which can be used for a terminal. The main loss of performance at a container terminal that uses quay cranes (QCs) and yard cranes for the storage and retrieval of containers, and AGVs (or terminal trucks) for the transportation of containers between quay and yard sides is that the schedules of the various equipments are uncoordinated [9] . Aim of this, current research tries to schedule AGVsand QCs concurrently. A heuristic scheduling algorithm is described and a genetic algorithm (GA) is used to optimize the schedules based on the accumulative time of AGVs' traveling time and operational time of QCs.
In section one a brief introduction to ACTs and their scheduling process is presented. The most important literature regarding scheduling of equipments in container terminals are described in section two. The proposed methodology is described in sections three and four. Section three describes the principles of proposed simultaneous scheduling of AGVs and QCs. GA operators are described in section four. The proposed methodology is evaluated using a numerical example in section five. Finally section six provide the conclusion remarks of the research, and suggest the opportunities for further researches.
LITURE REVIEW
AGVs are increasingly used in manufacturing systems and many of the literatures proposed methods to improve their performance. Qiu et al. [10] and Vis [11] reviewed many of past literatures in this field of study. They stated that optimization methods used for AGVs in manufacturing systems can be used by the researchers to enhance the performance of AGVs in container terminals. The first world-wide extensive applications with container carrying AGV equipments were applied in port of Rotterdam in Netherlands. There are various interacting elements that affect the performance of an AGV system. The efficiency of an AGV is sensitive to operational design parameters. The primary AGV vehicle management functions are defined below [10] :
1. Dispatching is the process of selecting and assigning tasks to vehicles. 2. Routing is the selection of the specific paths taken by vehicles to reach their destinations. 3. Scheduling is the determination of the arrival and departure times of vehicles at each segment along their prescribed paths to ensure collision-free journeys.
Vis [11] stated that battery management is hardl y addressed in AGV research. At container terminals AGVs need to travel long distances so they have short idle times, hence the battery charging time have to be considered in scheduling of AGVs. The other problem need to be considered in AGV scheduling is their failure rates. In contrast to manufacturing areas large numbers of AGVs are used at container terminals and outdoor transport systems. For these systems failures may occur more often. These failures might cause congestion and deadlocks in the system [11] . The other differences of AGV scheduling in container terminals and manufacturing systems, is stated by Lau and Zhao [9] . While the AGVs deliver their loads to buffers once they reached the assigned destination in manufacturing systems, there is no buffer between quay cranes and AGVs in container terminals. This is caused to a tight and precise schedule for AGVs and quay cranes.
Like a computer system, an AGV system is normally composed of two main interacting subsystems: hardware and software. The former consists of the physical components such as AGVs, paths, controllers, and sensors, etc. The latter embodies approaches or algorithms for systematically managing the hardware resources of an AGV system [10] .
The operation performance of ACT using AGVs depends on the AGV dispatching rules. A comparison of different AGV dispatching rules has investigated by Liu and Ioannou [4] to realize which dispatching rule is more suitable to be implemented in the terminal operations. They investigated four different heuristic AGV dispatching rules in container terminals. Evers and Koppers [12] developed a powerful tool for hierarchical modeling of a large scale transportation system in a container port. They provide a control process for AGV movements over the container terminal. This model decrease the amount of communication needed to control AGVs. Vis and Harika [13] provide a comparison between various vehicle types in an ACT. They introduced manned quay cranes, which transship the containers from vessels to the automated guided vehicles. AGVs transfer the containers to storage yard. The containers are stored there to be transferred to the end user by track systems. Steenken et al. [1] provided a peer literature review in container terminals and operations inside them. They reviewed a lot of papers regarding scheduling of AGVs, QCs and other equipments in container terminals.
Kim et al. [14] proposed a deadlock detection and prevention algorithms for AGVs. It was assumed that vehicles reserve grid blocks in advance to prevent collisions and deadlocks among AGVs. A graphic representation method, called the "reservation graph," was proposed to express a reservation schedule in such a form that the possibility of a deadlock can be easily detected. A method to detect possible deadlocks by using the reservation graph was suggested. Grunow et al. [15] proposed a mixed-integer linear programming for AGV dispatching in container terminals. They focused on the development of fast dispatching methods suitable for real-time application. They stated that while the proposed algorithm does not need a long time to process, it can be used in an on-line AGV control system.
AGV AND QC SCHEDULING
The aim of AGV scheduling is to dispatch a set of AGVs to achieve the goals for a batch of pickup/drop tasks under certain constraints such as deadlines, priority, etc. The goals are normally related to the processing time or utilization of resources, such as minimizing the number of AGVs involved, or minimizing the total travel time of all vehicles. A container loading begins with the pickup of a container from an AGV, while an unloading cycle begins with the release of a container onto an AGV. A detailed schedule, known as a sequence list, is then produced that defines the sequence of loading and unloading operations of individual containers based on the work schedule. Each of the tasks consists of three distinct traveling and operation times. The operational time for AS/RS load!unload station is assumed to be the same for the entire assigned task and so can be ignored in optimization of AGV scheduling in ACTs. The operational time of the QCs is different based on the sequence of tasks. The QCs are assumed to be stopped wherever their task finish . If the prior task is loading the QC stopped over the vessel storage area. In such cases if the current task is loading too, the QCs should be moved to AGV station , load the conta iner and return to vessel storage area . So the overall operational time of QC consists of two operational time (To) and waiting time (1'w) for arriving AGV, if any. Table I shows various sequences of task for QCs and the operational time for each task.
4.
It is assumed that the location of storage for each container is known , and when a new task is defined for the AGV system the storage location is determined as well. 5. The dwell point policy for both QCs and AGVs is stay in place where their last task finished .
PROPOSED GA FOR SIMULTANEOUS SCHEDULING
Genetic algorithms (GAs) [16] were developed by John Holland in 1975 as artificial adaptive systems that simulate natural evolution. GAs are able to search large spaces effectively and efficiently, they are increasingly used to attack inherently intractable problems called NP-hard problems . The optimization of schedul ing problems is known as NP-hard problems . Thus GAs are suggested by many of the researchers to optimize scheduling problems . GA operates on a population of potential solutions applying the principle of survival of the fittest to produce better and better approx imations to a solution . GA search and find local optima through problem solving process to obtain the global optimum.
In proposed GA tasks are scheduled based on the operation sequence derived by the GA. As described in previous section two kinds of tasks are scheduled by the GA, namely loading and unloading tasks. The available AGVs are assigned to the tasks based to their distance to the starting point of the tasks. The total operational time of the tasks is determ ined by the longest time duration of either AGVs or QCs and known as the fitness function for the GA.
Based on the Badakhshian et al. [17] the most important operators in task-based GA are their initial population, crossover operator and mutation operators. These operators should check and ignore the chromosomes that don't observe the task sequencing in every scheduling time period. Table 2 shows the sequence of tasks for each QC. Each task recognize by their starting point, destination and loading/unloading type. The tasks are represented by real number from one to the total number of tasks for all the QCs in scheduling time period. The initial population of the GA is constructed based on this reality that the sequence of tasks for each QC should be considered. The chromosomes contain wrong sequence of tasks should be ignored.
Task-based crossover [9] is used which never offends the precedence constraints. Two parents are selected to reproduce two offspring . A tournament selection scheme is used to select the parents. A QC is selected randomly and the tasks of the selected QC from the parents are directly copied in their respective positions of their offspring. As the tasks are directly copied, the positions are not changed during the crossover process and thus the offspring will maintain the precedence relation . The crossover rate is set to 0.6 [9] . In below the task-based crossover operation algorithm is presented:
The whole program to load and unload a vessel is usually divided to some scheduling time periods . In each time period a list of tasks for each of the quay cranes is planned to do based on the precedence of the tasks. The heuristic scheduling algorithm finds which AGV reaches the assigned starting point of the task earlier.
The list of tasks is assigned by GA. Each task, either loading or unloading, contains two operations. In unloading tasks the AGV moves from its dwell point to the assigned quay cranes , waits in its pick upl delivery point (P/D) , and picks up the container and move it to the assigned AS/RS and deliver the container to the load! unload (UU) station . The AGV stops there and waits for next assigned operation. In this case if the quay crane , have finished the assigned operation prior to arriving the AGV, quay crane have to wait for AGV, this waiting time is shown by T w , and vice versa if the AGV arrived before finishing the quay crane's task, AGV have to wait for quay crane . This is because no buffer space exists between quay cranes and AGVs. Similarly for loading task, at first AGV moves from its dwell point to the assigned UU, pick up the container and move to quay crane . If the quay crane is free, the container is loaded to the vessel. In cases that quay crane is not free, the AGV have to wait for it.
I . Randomly select one QC from the given QC set, and mark the tasks of the selected QC on the parent strings. Task-based mutation [17] is used which never offends the precedence constraints too . Two tasks of two QCs are selected for replacing mutually but must check considering task sequencing in these two jobs. At first randomly select two tasks from one of the given chromosome that they are in different QCs, and secondly change the position of two tasks if in new position is between prior and next tasks, otherwise the mutation doe sn't occur. The mutation rate is set to 0.5 [9] . 
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NUMERICAL TEST CASE
The proposed genetic-heuristic algorithm for simultaneous scheduling of AGVs and QCs in automated container terminals is evaluated in a computer based simulation test case . The suggested GA described in section four is used in advance to produce a valid sequence of tasks . The obtained string of tasks is scheduled using the proposed algorithm. This test case is designed by the author; the set of tasks for each QC is shown in table 2. There are six QCs to load/unload containers to/from the ship. The containers are stored in AS/RS area using six LID stations. Table 2 illustrates that each of the task is a load or unload one. Each of the task starts or ends in PID of the assigned QC. The other destination of the task is shown by "LID No." row for each QC. The operational time for all the task is assumed to be the same and is equal to 20 seconds, it is the same as the assumption of Lau and Zhao [9] . Operational time of QCs for each task is shown by "QC Opt. Time" . This operational time is calculated based on the information presented in section 3 and table I . Moreover the task type indicates that each of the considered tasks are load or unload tasks, which is assumed by the author randomly. The travel time between any combination of QCs and LIDs is illustrated in table 3. The information gained from Lau and Zhao [9] . QCs are illustrated in numbers I to 6 and LIDs are represented in numbers 7 to 12. A typical layout of the proposed ACT test case is schematically shown in figure  I . Several experiments are done to evaluate the performance of the proposed method. It is assumed that there are two, three, four, and five AGVs are ready to perform the assigned tasks . The initial dwell point of the AGVs is assumed randomly Table 6 : Mean and best value of various numbers of AGVs figure 3 , where it is shown that an increase in the number of AGVs would not result in a meaningful decrease in total transportation and operational time of the ACT.
The first test has been done for the problem with four AGVs dedicated to do the assigned tasks . This test is optimized using GA method, while the population size is equal to 40 and the number of iterations equals to 1000. Figure 2 illustrates the best five individuals of all the 1000 iterations of the GA method for the problem with four AGVs. A new hybrid simultaneous scheduling algori thm for AGVs and QCs in automated container terminals has been presented in this research. This is a two stage algorithm to schedule the AGVs and QCs concurrently. In first stage a GA is used to schedule a predetermined set of task for the QCs. Its fitness function is calculated via a heuristic scheduling algorithm which is used in second stage of the proposed method. In heuristic scheduling algorithm, the proposed set of tasks by the GA, is used to assign the proper AGV to the tasks. the scheduling algorithm finds the nearest AGV for each of the task and calcu late the total operational time of the QCs and AGVs . In the proposed GA the mutation and crossover rates are constant and set to be 0.5 and 0.6 respectively. The results showed that the number of AGVs influences on the performance of the GA method highly, but the increase in number of AGVs more than five, does not guarantee plenty of reduction in makespan time . Moreover the computation time of the proposed method is reduced due to the heuristic calculations of the scheduling algorithm. Hence the proposed method can be implemented in real applications where the number of the tasks is very large . For further researches the authors suggest an investigation on the effects of the GA parameters on the performance of the proposed method. The same experiment has been executed for the test case with two, three, and five AGVs dedicated to perform the tasks . Table 6 illustrates the best value of the operational and travelling time for each of the AGV numbers.
Moreover the mean value of 5 various runs is represented in this table . The results showed that dedicating more AGVs to the problem would reduce the estimated travelling and operational time of the set of tasks, but it is obvious that adding more AGVs than 5 may not guarantee more reduction in makespan time . In such cases a cost-benefit analysis seems to be required
